Leeds THE clinical course of 14 patients who died with acute renal failure after treatment by hemodialysis on the Kolff-Brigham artificial kidney were described.
commonly encountered was of extreme severity with necrosis of proximal and distal convoluted tubules and thrombi in the glomerular tufts.
In 6 instances the renal lesion was of severe type with 2 patients showing signs of healing and clinical recovery. In a further 3 cases the lesions were less severe in type and of more patchy distribution.
One patient had suppurative pyelonephritis and another multiple pyemic abscesses in the kidneys.
One patient had moderate nephrosclerosis as a result of active hyperparathyroidism due to a parathyroid adenoma.
In 2 patients the kidneys were histologically normal. The most common complication in these patients was sepsis, which was the principal cause of death in 7 patients and a contributory factor in 2 others, one of whom died as a result of a perforation of a duodenal ulcer and the other from hemorthage from an acute gastric erosion.
In the remaining 5 patients death was attributed to the metabolic disturbance produced by the renal failure.
It was concluded that owing to the protean nature of the renal lesions encountered, the term acute renal failure is to be preferred to that of tubular necrosis. In the uremic patient all complications are of serious import, but sepsis is peculiarly liable to prove fatal. The Genesis of Tumours of the Bladder and Other Tissues with Special Reference to the Industrial Amines University ofLeeds THE German urologist Rehn in 1895 observed that a number of cases of carcinoma of the bladder presenting themselves at his clinic came from one chemical factory. This has been followed by reports from every country with an established chemical industry that workmen engaged in making certain chemical intermediates are more liable to bladder cancer than the rest of the population. The many hundreds of chemicals handled by the industry, the long latent period of the tumours and the lack until quite recently of any means of reproducing the disease in experimental animals were among the factors which made it extremely difficult to be certain which substances were responsible for the human disease. Case and his colleagues (Case et al., 1954; Case and Pearson, 1954) as a result of a field survey sponsored by the Association of British Chemical Manufacturers were able to show that although aniline was innocuous in this respect, the manufacture of 1-and 2-naphthylamine, benzidine, auramine and magenta was hazardous. A more recent report from America (Melick et al., 1956) has shown that 4-aminodiphenyl (xenylamine) is also extremely dangerous. Fortunately this compound has not been made or used on a large scale in this country.
The existence of this human hazard poses three questions to the experimentalist: How and why do the bladder tumours arise? What other chemicals are likely to be hazardous if brought into large scale production? What bearing, if any, have the findings on the industrial hazard on the spontaneous human disease? It is the purpose of this paper to give some account of the attempts which have been made in Leeds and elsewhere to answer these questions.
The first problem was to attempt to reproduce the human disease in the experimental animal. After many years of arduous and fruitless work in many parts of the world, Hueper and Wolfe (1937) demonstrated that 2-naphthylamine, when given to the dog in relatively high doses for from two to five years, induced tumours of the bladder which resembled the human disease in all respects. Hueper used the commercial chemical. Bonser has since twice repeated the experiment using firstly a partially purified sample of 2-naphthylamine (Bonser, 1943) and latterly a sample purified at the Royal Cancer Hospital by one of the most rigorous means available (Bonser, Clayson, Jull and Pyrah, 1956 ). This successful repetition of Hueper's work suggests that 2-naphthylamine and not some impurity in it is responsible for the bladder tumours.
Attempts to reproduce the industrial disease in other experimental animals with 2naphthylamine have been less successful (Table I ). In all cases the maximum tolerated dose of the chemical was fed for as great a portion of the life-span of the animal as possible. In the mouse a 40% yield of hepatomas but no bladder cancers were obtained, in the rat and rabbit (Bonser et al., 1952) only benign changes were observed in the bladder, whereas the cat, which will only tolerate small doses of the chemical, was completely negative (Bonser, unpublished observation). These experiments illustrate the marked species variation in response to a chemical.
Another amine, whose dangerous nature was discovered before it came into use as an insecticide-2-acetylaminofluorene-illustrates the very important fact that these amines are not limited in their action to the bladder only. This compound (Table II) 
many sites in the experimental animal and should lead us to the conclusion that amineinduced tumours in man are to be expected in sites other than the bladder. These two examples of the induction of tumours by aromatic amines could be multiplied many times as a result of the past twenty years' work in many parts of the world.
The biological results must serve as the basis for the biochemical investigation of the problem. At the start of our chemical studies in Leeds it was decided that it was most rational to assume that the effective carcinogen in the induction of bladder tumours by 2-naphthylamine was more likely to be urine-borne than blood-borne. It was also considered likely that a metabolite, rather than the amine itself, induced the tumours. The urogenous nature of 2-naphthylamine tumours in the dog has since been demonstrated by McDonald and Lund (1954) who prepared bladder pouches in dogs and fed the chemical. All the tumours observed were located in the bladder unless the pouches were defective and urine leaked in.
In 1948 we knew from the work of Wiley (1938) that in the dog 2-naphthylamine gave 2-amino-1-naphthyl hydrogen sulphate, whereas Dobriner et al. (1941) had shown that in the rat, rabbit and monkey 2-acetamido-6-naphthol was a metabolite. Two courses were open, either the metabolism of 2-naphthylamine could be investigated intensively in one species or one aspect of its metabolism could be chosen for a wider survey. The latter course was adopted.
A method was devised for the estimation of 2-amino-1-naphthol and its conjugates in urine and was applied to as many species as possible. In the dog some 30-70 % of a dose of 2-naphthylamine was excreted in the urine as conjugates of 2-amino-l-naphthol. All the other species (Fig. 1) 2-naphthylamine is administered to various species of experimental animals. results then available there appeared to be a parallel between the amount of the dose excreted in the form of 2-amino-1-naphthol and its conjugates and the biological potency of 2naphthylamine in the dog, mouse, rat and rabbit (Bonser et al., 1951) . It was concluded that 2-amino-1-naphthol and its conjugates might be of great importance in the induction of tumours by 2-naphthylamine. This idea was strengthened when it was discovered that in the dog the plasma level of 2-amino-1-naphthol and its conjugates was at the level of detection and that these substances had a urine plasma ratio of about 200 to 1. This we felt was a possible reason why the tumours with 2-naphthylamine were not widespread but were concentrated in the urinary tract where the suspected carcinogen was at its highest level.
The conventional methods of testing chemicals for carcinogenic activity gave only negative or equivocal results with water soluble labile compounds of the nature of 2-amino-1-naphthol. Jull (1951) suggested and developed the method of bladder implantation. The chemical was intimately mixed with an inert vehicle and the mixture made into pellets of weight about 15-25 mg. by melting or compression. A pellet was then implanted surgically into the lumen of the bladder of each mouse. After forty weeks the animals were killed, the bladders distended with fixative and examined both macroscopically and microscopically for tumours.
Under these conditions some compounds gave a good incidence of tumours; others, and the vehicle alone, gave much lower yields of tumours. The results obtained with 2-naphthylamine and its derivatives are shown in Table III (Bonser, Bradshaw, Clayson and Jull, 1956) . Whereas the vehicle alone gave a very low yield of tumours, and the simple amine a slightly higher yield, 2-amino-1-naphthol in the form of its hydrochloride gave a significantly higher yield. It is interesting to notice that the sulphuric acid derivative which gave a low yield of tumours when implanted in paraffin wax appears to be slightly active in another vehiclecholesterol.
All this evidence suggests that 2-amino-l-naphthol is a carcinogenic metabolite of 2naphthylamine. If this is true, it follows that similar carcinogenic metabolites of other carcinogenic amines ought to exist. The typical carcinogenic aromatic amines (Fig. 2) precursors. one structural feature in common, the position para to the amino-group is blocked by a large substituent. As amines are hydroxylated in the ortho and para positions during the course of their metabolism in the animal body, it seems likely that if the para position is blocked the ortho position is more likely to be hydroxylated. Clayson (1953) suggested that certain ortho-hydroxyamines, i.e. chemicals like 2-amino-l-naphthol, would prove to be carcinogenic and that the carcinogenic aromatic amines would be more readily converted to orthohydroxyamines than those which were not carcinogenic. Use of the bladder implantation technique has so far tended to confirm the first prediction that ortho-hydroxyamines are carcinogenic. Only one further example will be quoted. 4-Aminodiphenyl and its derivatives (Table IV) (Bonser, Bradshaw, Clayson and Jull, 1956) behave similarly to the corresponding derivatives of 2-naphthylamine. The ortho-hydroxyamine is again the most potent bladder carcinogen on local application. The next point it is necessary to demonstrate is that the ortho-hydroxyamines are actually present in the urine of animals which develop bladder cancer with the aromatic amines. In Leeds (unpublished observations) traces of free ortho-hydroxyamines have been shown to be present in twenty-four hour specimens of the urine of dogs dosed with 2-naphthylamine, 4-aminodiphenyl and benzidine although it has not been possible to demonstrate them in freshly voided urines. Dogs dosed with these amines develop bladder tumours readily in the former cases and with more difficulty in the case of benzidine. Weisburger et al. (1957) have shown that ortho-hydroxy derivatives of 2-acetylaminofluorene are present in the urine of rats but not of guinea-pigs treated with the chemical. Rats but not guinea-pigs are susceptible to the carcinogenic action of 2-acetylaminofluorene. Similarly, Daniel (1956) has shown that rabbits convert the orally ingested food dye oil orange E to 1-amino-2-naphthol. The results of an incomplete experiment suggest that this azo-compound may be a bladder carcinogen in the rabbit (Bonser, unpublished observation).
It appears from the evidence discussed above that aromatic amines are carcinogenic because they are converted into ortho-hydroxyamines which are liberated into the urine of susceptible species. The mechanism of the liberation of the free ortho-hydroxyamine from its conjugates in the urine is more complicated. Bonser et al. (1951) suggested that the aryl hydrogen sulphates were the precursors of the free ortho-hydroxyamines found in the urine, but Boyland et al. (1956) demonstrated that 2-amino-1-naphthyl hydrogen sulphate and several related sulphuric acid esters were not hydrolysed by mammalian sulphatases. They suggested that the glucuronides were the precursors of the free ortho-hydroxyamines found in the urine and supported this by showing in one small group of mice that 2-amino-1-naphthyl glucuronide induced tumours on bladder implantation (Allen et al., 1957) .
This idea does help to clarify the position in a number of respects but still leaves several points to be settled. Although the cat excretes a considerable part of a dose of 2-naphthylamine as 2-amino-1-naphthol conjugates it has not proved possible to induce 2-naphthylamine tumours in this species. Recent evidence that the cat is deficient in the ability to form glucuronides would, in the light of Boyland's suggestion, explain this anomaly. On the other hand, Bradshaw (unpublished observation) has failed to detect any trace of a glucuronide in the urine of dogs dosed with 4-aminodiphenyl. The amine is one of the most potent bladder carcinogens in the dog and traces of 3-hydroxy-4-aminodiphenyl have been found in ether extracts of the urine. The position may be further clarified by the discovery of an alkaline labile phosphorus-containing derivative of 2-amino-1-naphthol in the urine of dogs dosed with 2-naphthylamine (Troll and Nelson, 1958) . This new metabolite is readily split by phosphatase and is said to be present in considerable quantities. It will be interesting to see if similar metabolites can be shown to be present in urines of animals dosed with other bladder carcinogens.
The second question that was asked at the beginning of this paper was whether it was possible to predict what compounds were likely to be dangerous if handled indiscriminately. If, as the evidence appears to show, ortho-hydroxyamines are carcinogenic then any compound which might lead to an ortho-hydroxyamine in the body must be regarded with suspicion ( Fig. 3) . It is to be expected that the tumours will not always be in the bladder, as the site of election of the tumours will depend on the site at which the ortho-hydroxyamines reach their most effective concentration. Besides the aromatic amines, the ortho-nitroand the orthonitrosophenols and the ortho-hydroxyazo-compounds may be reduced in the body to the potential carcinogens. The hydroxyazo-compounds are probably the most important as they are being used increasingly to colour food. There is a general impression that if these compounds are sufficiently water soluble they will be harmless. There does not seem to be any evidence in support of this; in fact, the little evidence available shows that at least one water-soluble compound-trypan blue-is a carcinogen. Although the position has been much improved in this country by recent legislation, there is still much left to be desired.
Boyland and his colleagues have made an attempt to apply the findings on the industrial disease to the problem of the spontaneous bladder tumours in man. Dunning et al. (1950) showed that rats fed a diet containing added tryptophan and 2-acetylaminofluorene developed a higher incidence of tumours of the bladder than did rats fed the chemical and a more normal level of tryptophan. Boyland et al. (1954) repeated this experiment and from a consideration of the metabolism of trytophan suggested that the increased incidence of bladder tumours in these experiments was due to the synergistic action of the ortho-hydroxyamines derived from the acetylaminofluorene and the tryptophan. Allen et al. (1957) then tested some of the metabolites of tryptophan by bladder implantation and found them to be carcinogenic. A major criticism of this work is that the numbers used are far too low for the confident acceptance of such an important result. The results for the ortho-hydroxyamines tested (Table V) are consistently higher than those for the metabolites which are not ortho- hydroxyamines. If these results are confirmed on larger numbers, the proof that compounds arising in the course of normal metabolism can induce bladder cancer will mean a great step forward in our understanding of the spontaneous disease. If the plasma concentration of these ortho-hydroxyamine metabolites is significant it may be possible to comprehend the spontaneous genesis of other forms of cancer with more understanding than at present. Summary.-The aromatic amines have been found to induce tumours of the bladder in men exposed to them in the course of their work. It is possible to reproduce the condition in experimental animals. The study of the fate of the amines in the animal body suggested that the derived ortho-hydroxyamines might be carcinogenic metabolites. This has been confirmed by the technique of bladder implantation and a working hypothesis evolved which is not contra-indicated by the majority of the known facts. Using this working hypothesis it can be predicted that compounds which the body is able to convert to ostho-hydroxyamines may be carcinogenic and that these should not be allowed to come into contact with the human population. It is also apparent that, if ortho-hydroxyamines arise in the body as a result of normal or abnormal metabolism, some at least of the so-called spontaneous tumours in man may be explicable. Approximately two-thirds of renal stones which occur in this country contain calcium oxalate to greater or lesser extent. It is known that hypercalciuria plays an important part in the formation of many of these stones, but the possible role of hyperoxaluria has not been investigated to the same extent.
The Urinary' Excretion of Oxalic Acid in Nephrolithiasis
Most of the oxalic acid normally present in the urine appears to be derived from dietary oxalic acid. The proportion of ingested oxalic acid which is excreted in the urine depends in part on its availability; on whether, for example, it is present in the gut as the soluble sodium salt or the insoluble calcium salt. Excretion may be increased twofold if the intake of calcium is reduced from normal to low levels. A diet containing a preponderance of oxalatecontaining vegetable foods and a deficiency of calcium-containing dairy foods favours a high urinary excretion of oxalic acid, and Grossmann (1938) considered that the existence of this type of diet was a major factor in the oxalate stone wave which occurred in Eastern Europe following World War I. Again in World War II, Black (1945) attributed the high incidence of renal colic and haematuria amongst British troops in India to hyperoxaluria arising from the ingestion of oxalate-containing foods.
In most of these earlier investigations the existence of hyperoxaluria was inferred from the finding of numerous calcium oxalate crystals in the urine, or from the presence of oxalosis. These are not very sensitive or reliable criteria and it is only within the last few years that reliable quantitative data have begun to appear.
We have developed a method for estimating oxalic acid in biological material which is sensitive and specific (Hodgkinson and Zarembski, to be published), and this method has been used to determine the urinary excretion of oxalic acid in 120 normal individuals and patients with renal stone. During the period of study both groups received a normal balanced diet containing 900 mg. of calcium and 70 mg. of oxalic acid per day. These quantities were checked by analysis.
